Plants living in different ecological habitats can show significant variability in their histological and phytochemical characters. The main histological features of various populations of three medicinal plants from the Boraginaceae family were studied. Stems, petioles and leaves were investigated by light microscopy in vertical and transverse sections. The outline of the epidermal cells, as well as the shape and cell number of trichomes was studied in leaf surface casts. Differences were measured among the populations of Echium vulgare in the width and height of epidermis cells in the stem, petiole and leaf, as well as in the size of palisade cells in the leaves. Among the populations of Pulmonaria officinalis significant differences were found in the length of trichomes and in the slightly or strongly wavy outline of epidermal radial cell walls. Populations of Symphytum officinale showed variance in the height of epidermal cells in leaves and stems, length of palisade cells and number of intercellular spaces in leaves, and the size of the central cavity in the stem. Boraginaceae bristles were found to be longer in plants in windy/shady habitats as opposed to sunny habitats, both in the leaves and stems of P. officinalis and S. officinale, which might be connected to varying levels of exposure to wind. Longer epidermal cells were detected in the leaves and stems of both E. vulgare and S. officinale plants living in shady habitats, compared with shorter cells in sunny habitats. Leaf mesophyll cells were shorter in shady habitats as opposed to longer cells in sunny habitats, both in E. vulgare and S. officinale. This combination of histological characters may contribute to the plant's adaptation to various amounts of sunshine. The reported data prove the polymorphism of the studied taxa, as well as their ability to adapt to various ecological circumstances.
Medicinal plants occurring in various habitats can vary in histological and phytochemical characters, reflecting their mechanisms of adaptation to various ecological conditions. Several publications report on the anatomical and chemical variability in various organs of plants and fungi, which may be related to differences such as light exposure and water supply of the habitats [1] [2] [3] . Here we present the main histological features of various populations of three medicinal plants from the Boraginaceae family, focusing on plant organs that are used as drug parts in either human or veterinary medicine.
Viper's bugloss (Echium vulgare L.) is a biennial herb occurring along road edges and in weed communities in Europe [4] . The aerial parts (Echii herba), containing polyphenols and pyrrolizidine alkaloids [5, 6] , have been used as a purgative in folk remedies and veterinary practice for a long time [7] . The aqueous extract of this plant, together with Potentilla anserina, is applied in the form of teas. The poisonous pyrrolizidine alkaloids cause, for example, tubulonephrosis, reduction of liver lobes and lymphocytes in the spleen of animals [8] .
Lungwort (Pulmonaria officinalis L.) is a very ancient native European plant occurring in different ecological habitats [4] . The aerial parts, mainly the leaves (Pulmonariae herba, P. folium) contain alkaloids, saponins, phenolic acids, tannins, flavonoids [9] , vitamin C and γ-linolenic acid [10] . The plant was reported to have antioxidant capacity [11] and has been used as a herbal remedy for bronchial problems, pneumonia, cough and other respiratory diseases, mainly as an expectorant in both phytotherapy and homoeopathy for a long time [7] .
Comfrey (Symphytum officinale L.), a perennial herb occurring in humid and marsh meadows [7] , is covered by Boraginaceae-trichomes (bristles). It contains pyrrolizidine alkaloids [12] , triterpenes and tannins in the aerial parts and root [13] . The root (Symphyti radix) has been used for treatment of rheumatism as a cream, and the aerial parts (Symphyti herba) against bronchial, gastric and intestinal diseases [7] .
In this work the histological variance of the above species was studied, focusing on differences between populations that might be attributed to variation in either light exposure or water supply in the various ecological habitats.
Echium vulgare: The studied organs (stem, leaf, petiole) are covered by a uniseriate epidermis with mesomorphic NPC Natural Product Communications 2011 Vol. 6 No. 10 1475 -1478 stomata and 1-4-celled trichomes, typical Boraginaceaebristles. The epidermal cells of the stem are isodiametric in the plants living in sunny ruderal grasslands (Zsebe hill, Kertváros) and on rock slope-steppe (Havihegy), as opposed to the elongate cell shape in shady scrub forest (Tubes) ( Figure 1 ). The shape of the epidermal cells in the petiole is generally isodiametric, but some flattened cells were detected in the populations living in habitats with strong light exposure. Similarly to the stem, the leaf epidermal cells are significantly higher in the plants of the shady scrub forest, as opposed to the isodiametric cell shape in sunny habitats. The palisade cells in the mesophyll are longer in plants in ruderal grasslands and rock slope-steppe as opposed to those from shady areas. The selected populations living in sunny humid meadows (Kacsóta, Almamellék) had significantly shorter trichomes ( Figure 4 ) and epidermal cells in the leaf and stem, longer palisade cells with more chloroplasts. a larger number of intercellular spaces in the mesophyll and a bigger central cavity in the stem compared with the longer bristles, isodiametric cells in the epidermis, shorter palisade cells, less intercellular spaces and a smaller cavity in the stem of the individuals at the shady edge of lakes (Sikonda, Almamellék, Deseda).
Histological studies of three medicinal plants
Natural Product Communications Vol. 6 (10) 2011 1477 In conclusion, we detected histological variance among the selected populations of the studied medicinal plant species in accordance with some ecological characters of the habitats. Differences were measured among the populations of E. vulgare in the width and height of the epidermal cells of the stem, petiole and leaf, as well as in the size of the palisade cells in the leaves. Among the populations of P. officinalis, significant differences were found in the length of trichomes and in the slightly or strongly wavy outline of epidermal radial cell walls. Populations of S. officinale showed variance in the following features: height of epidermal cells in the leaf and stem, length of palisade cells, number of intercellular spaces in the leaf, and size of the central cavity of the stem. Boraginaceae bristles were found to be longer in plants in windy and/or shady habitats vs. sunny habitats, both in the leaves and stems of P. officinalis and S. officinale, which might be explained by a higher level of protection against strong wind exposure provided by longer trichomes.
Longer, often elongated epidermal cells were detected in plants living in shady habitats vs. the shorter, often isodiametric cell shape in sunny habitats in the leaves and stems of both E. vulgare and S. officinale, as well as in the petioles of E. vulgare. In contrast, palisade cells of the leaf mesophyll were shorter in shady habitats as opposed to the longer cells in sunny habitats, both in E. vulgare and S. officinale. This combination of histological characters may contribute to the plant's adaptation to various amounts of sunshine. Sunlight can pass through shorter epidermal cells more easily compared with an epidermis comprised of wider cells, whereas longer mesophyll cells with more chloroplasts can utilize higher levels of solar radiation vs. the typical shorter mesophyll cells of shady habitats.
The reported data prove the polymorphism of the studied taxa, as well as their ability to adapt to various ecological circumstances.
Experimental
Plant materials: Plant samples (5 whole specimens / habitat) were collected in summer and autumn of 2010. The studied habitats for each species are listed in Table 1 . Voucher specimens of each species have been deposited at the Department of Pharmacognosy at the University of Pécs.
Microscopical preparation and chemicals:
Studied plant materials were the following: stem, leaf and petiole of E. vulgare, leaf and petiole of P. officinalis, and stem and leaf of S. officinale. Samples were fixed in a mixture of 96% ethanol:glycerine:water (1:1:1), dehydrated in an acetone series (in 70% and 90% acetone for 1 h each, in 100% acetone overnight) and in xylol for 2 h. The samples were kept in dissolved paraplast at 56˚C overnight and embedded in paraplast [14] . Vertical and cross sections were prepared by a rotation microtome (Anglia Scientific 0325). The 10 μm-thick sections were mounted on slides in 50°C water, and dried at 50˚C for 2 h. Samples were soaked in xylol for 3x10 min and in 96% ethanol for 2x10 min. Staining was carried out in toluidine blue (0.02%) for 5 min. Slides were investigated using a Nikon Eclipse 80i microscope and micrographs were taken by SPOT BASIC v4.0 program. Morphological data were measured by Image Tool 3.00 program; altogether 10 measurements per population were taken for all parameters in each species. Mean data were demonstrated on diagrams with SD values.
The shape and cell number of trichomes in P. officinalis and S. officinale were studied in leaf surface casts: the dried leaves (1x1 cm parts) were boiled in distilled water (15 mL), then in a mixture of 10% ethanol and cc. KOH (7:3, 15 mL), in 5% H 2 O 2 (4 mL) and 96% ethanol (15 mL) for 5 min each, or until the loss of color in the samples. Preparations were covered with Canada balsam.
The studied morphological parameters were the following: size and shape of cells in epidermis and palisade parenchyma, wall thickening type of vascular elements, number of intercellular spaces and stoma position in the stem, leaf and petiole of E. vulgare, as well as in stem and leaf of S. officinale. In addition, the outline of epidermal radial cell walls and the length of trichomes were investigated in P. officinalis, as well as the bristle size in the populations of S. officinale.
